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COMPLETE SPECIFICATION 

Improvements in or relating to Methods of Preparation of 
Inorganic Oxide Aquasols and the Inorganic Oxide 
Aquasols resulting from said Methods 



We, Monsanto Chemical Company, a 
Cotporatiou organized under the Laws of 
the State of Delaware, TTrdted Statea of 
America, of 1700, South Second Street, 
^ City -of St. Louis, State of Missouri, 
United States of America, do hereby 
declare the nature of this invention and 
in what manner the same is to be per- 
formed, to be particularly described and 
ascertained in and by the following state- 
ment : — 

The present invention relates to 
improvements in the preparation of 
^f^ oxide aquasols, and it more 

lt> particularly relates to impro.vements in 
the manufacture of concentrated silica 
aquasols. 

It has been proposed heretofore to 

20 Pyfl**^^® silica aquasols by passing a 

'^^ dilute aqueous sodium silicate solution 
comprising about a.% SiO^ through ion- 
exchange zeolites which liave been pre- 
pared by treating a carbonaceous 
material such as brown coal and the like 

^ with concentrated sulphuric acid. The 
silica aquasol which is obtained as the 
e/Huent from the zeolite 'comprises about 
a% of silica and is too dilute to be com- 

30 f^^^^^^^ly useful as produced. Attempts 
to prepare more highly concentrated 
sihca aquasols directly by use oi ion 
exchange materials have not been 
Buccessful Iwiretofore because of gel 
formation in the ion-exchange bed when 

W a more highly concentrated solution of 
sodium sihcate is employed. It has been 
necessary, therefore, to concentrate the 
dilute silica aquia.sols prepared by the 

A(\ "letliod by evaporating large quan- 

titles of water therefrom in order to obtain 
a commercially useful aquasol comprising 
15i% or more colloidal silica. However, 
this method of concentrating the initial 
aihca aquasol obtained from the ion- 

^0 exchange treatment of sodium silicate is 
IPrice 2/.] 
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qxiite inefficient. Moreover, by using 
such a method great care must be taken 
to avoid scale formation oji heat 
exchange surfaces during the concen- 
trating step. 50 

Accordingly an object of the present 
invention is the preparation of inorganic 
oxide aquaso^ls from inorganic oxide 
compounds with the aid of cation- 
exchange materials by an improved and 
efRcient process: a further object is the 
preparation of concentrated silica 
aquasols from alkali metal silicates with 
the aid of cation-exchange materials by 
a substantially continuous method: 
while a further object is the preparation 
of silica aquasols having colloidal silica 
particles of substantially larger size than 
those normally obtained by th« use of 
cation-exchange methods. 

The present invention provides a 
method of preparing concentrated 
inorganic oxide aquasols which comprises 
passing a mixture of an alkaline reacting 
colloidal inorganic oxide aquasol con^ 
taining alkali metal ions and up to 41% 
by weight of the same inorganic oxide 
in ionic form or in the fonn of particles 
having an average particle size belo.w 40 
millimicrons, through a bed of cation- 75 
exchange material until tho pH of the 
total effluent is slightly below tlie neutral 
point; alkalising said clflueut with an 
alkaline compound capable of yielding 
alkali niotai, nmniouiuin or qnulernary 80 
ammonium ions; heating the alkalised 
effliient at a temperature above 100" C. 
until the inorganic oxide which was in 
ionic form or was made up of average 
particles less than 40 millimicrons in size 85 
is converted to a colloidal inorganic 
oxide and then recycling a portion of the 
effluent together with alkali metal ions 
and up to 4% by weight of the same in- ^ 
organic oxide, which is in ionic form or 
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in tlie form of pnrtioles liaving an average 
particle size below 40 millimicroTis in sub- 
vstantinlly ihe same manner. 

The present invention not only pro- 
5 vides a simple and efficient method of 
producing a highly concentrated silica 
aqiiasol by the use of cation-excliange 
materials, but also provides a silica 
aquasol which comprises colloidal silica 
liaviiig a relatively large particle si;^e. 
The silica aquasol produced by the 
method described herein is particularly 
useful when applied to cotton and word 
p. fibres prior to spinning since it increases 

1^ the strength of the spun yarn and 
facilitates the spinning of finec yarns 
than are ordinarily obtainable by 
spinning untreated yarns. 

For convenience in description the 
present invention is described with 
reference to the preparation of silica 
aqua sols. However, it is. to be under- 
stood that the method and principles 
described hereinafter may also be applied 

2-^ to the preparation of aqueous colloidal 
solutions, of tungstic acid, vanadium 
oxide, molybdenum trioxide and other 
inorganic oxides as will be apparent to 
those stilled in the art. 

Of primary importance in the practice 
of the present invention is the discovery 
that alkaline reacting gilica aquasols 
comprising up to 30% by weight or more 
of colloidal silica together with alkali 

35 metal ions and up to 4% preferably from 
1 to 4i% by weight, based on the total 
water present in the mixture, of "ionic- 
silica" or silica particles having an 
average particle size below 40 milli- 
microns can be passed through a bed of 
cation - exchange material or resin 
without appreciable gel formation either 
in the exchange bed or in the effluent 

,^ is5:uinfv therefrom. The principal limiting 

^'^ factor on tho concentration of the silica 
aqua sol which can be passed through an 
exchang'e bed in this manner is the 
viscosity of the aquasol. In addition, it 
has presently been found that when the 

^ effluent from the above mixture is 
allcalised or made alkaline reacting with 
a small proportion of an alkaline or basic 
compound capable of ionizing to form 

-p. alkali metal, ammonium or quaternary 
ammonium ions and the alkalised effluent 
is then heat treated at a. temperature 
essentially above 100° C. for a period of 
time sufficient to convert the ionic silica 

rn contained therein to colloidal silicn, an 
additional vsmall pronortion of ionic 
silica or silica particles havin^cr an 
average particle size below 40 milli- 
microns and alkali metal ions can be 
added thereto and passed through a bed 

65 of fresh or acid regenerated cation- 



exchange material without appreciable 
gel formation in the exchange bed. By 
application of the foregoing principles 
concentrated colloidal silica aquasols ai:e 
continuously prejiared as hereinafter 70 
described by the use of ion-exchange 
materials. 

Tlie term "ionic silica'' as employed 
herein is intended to mean silica which 
is cliemically combined with an alkali 75 
metal such, as sodium, but i^> capable of 
being ionized in aqueous solution. The 
silica added to the aquasol before passage 
through the ion- exchange material need 
not be ionic, that is, it need not have an 80 
electrical charge but can be silica whicli 
has an average particle size below about 
40 millimicron^ as determined by super- 
centrifuging techniques. The latter type ^ 
of silica does not settle out of solution 8o 
when the solution is super-cejitrifuged at 
a centrifugal force equivalent to 62,000 
times the force of gravity. 

As examples of alkaline or basic com- 
pounds which are employed to alkalise 
the effluent in the manner described 
above may be mentioned ammonia, 
ammonium hydroxide, sodium hydroxide, 
sodium silicate, potassium silicate, 
benzyl triethyl ammonium hydroxide 
and teti:amethyl ammonium hydroxide. 
Of these ammonia, ammonium hydroxide 
and the alkali metal silicates are 
preferred. 

Wlien the above described principles ^Q" 
are employed in carrying out the jnesent 
invention, concentrated silica aquasols 
containing up to 30% or more colloidal 
silica can be prepared from silica 
aquasols containing only abotut B% by ^-05 
weight of colloidal silica by continuously 
recycling the alkalized and heat treated 
effluent through a cation-exchange bed 
togethei: with a small proportion of ionic 
silica or silica which has an average HO 
particle size below 40 millimicrons and 
alkali metal ions. Likewise, the same 
process can be carried out by starting 
with an aqueous solution of ionic silica 
such as sodium silicate, containing up to 116 
4% of ionic silica. On the other hand, 
the process or method described herein 
can be initiated by passing a concen- 
trated colloidal silica aquasol together 
with a small proportion of ionic silica 120 
or silica which has an average particle 
size below 40 millimicrons, and alkali 
metal ions through a cation exchange bed 
and a small proportion of .silica aquasol 
can be withdrawn from the effluent either 125 
prior to or after the heat treatment of 
the effluent and the balance of the 
effluent after it has been alkalized and 
heat treated can be recycled through the 
exchange bed together with, another 130 
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small proporKou of ionic silica, or silica 
which has an average particle size helow 
40 millimicrons, and alkali metal ions. 
Such concentrated co.Uoi(lal si lien 
9 aqnasols may be prepared, for example, 
by recycling a dilute silica aquasol as 
described above to build up the concen- 
tration of silica therein, or by 
evaporating- water from a dilute silica 
1^' aquasol prepared by passing a sodium 
silicate solution through, a bed of catio-n- 
excliange material and then allcalizing 
and lieat treating the concentrated silica 
aquasol to convert the particles therein 
10 to the colloidal silica form. When 
operating according to the latter pro- 
cedure a silica aquasol having a substan- 
tially constant colloidal silica content 
can be prepared continuously and 
20 efficiently without the Aecessity of 
evaporating large quantities of water. 
The small portion of effluent withdrawn 
from the system is then heat treated and 
thereby rendered stable. The size of the 
25 colloidal .silica particle in tlie silica 
aquasol can be varied as desired depend- 
ing to a considerable extent upon tke 
conditions under which the heat treat- 
ment of the aquasol is efEected. 
30 The recycling of effluent through the 
exchange bed after it has been heat 
jrcatod and after a. small proportion of 
ionic silica or silica which has an average 
particle size below 40 millimicrons, and 
35 alkali metal ions has been added thereto 
can be carried out almost indefinitely by 
repeating the a.bove procedure depending 
to a considerable extent upon the con- 
ditions employed during the teat treat- 
4U ment of the effluent. It is during this 
Jieat treatment that the ionic silica or 
silica which has an average particle size 
below 40 millimicrons, and alkali metal 
ions contained in the effluent issuing 
45 from the exchange bed is converted to 
colloidal silica and the effluent becomes 
sufficiently stable to be recycled without 
appreciable gel formation therein. The 
conversion of ionic silica or silica which 
50 has an average particle size below 40 
millimicrons, and alkali metal ions to 
colloidal silica is affected primarily by 
the temperature to which the effluent is 
heated, the aUcalinity of the effluent and 
56 the duration of heating. By increasing any 
or all of these factors, the rate of conver- 
sion of ionic silica or silica which, has an 
average particle size below 40 millimicrons 
to colloidal silica is increased. However, 
60 these factors of temperature, alkalinity 
and dxiration of lieating also influence the 
ultimate particle size of the colloidal 
silica present in the effluent, and by 
increasing tho temperature, alkalinity or 
00 duration of heating extremely large 



particles of colloidal silica can be 
formed. Since such particles tend to 
form a floe or precipitate in the exchange 
bed, it is preferable to carry out the heat 
treatment of the effluent ujider such con- 70 
ditions that the ionic silica particles o.r 
silica which has an average particle size 
below 40 millimicrons are converted to 
colloidal 5iize without the formation of 
colloidal silica particles of extremely 75 
large size. This is accomplisKed iii 
general by carrying out the he^.t treat- 
ment of the effluent at as low a tempera- 
ture and witli as little alkali metal, 
ammonium or quaternary ammonium ion 80 
as is practicable for the conversion of 
ionic silica or silica which has an average 
particle size below 40 millimicrons to 
colloidal silica. 

In a preferred embodiment of the 85 
invention an alkaline reacting silicia 
aquasol comprising from 10 to 23% of 
colloidal silica is admixed with an 
aqueous alkali metal silicate solution, 
preferably an aqueous sodium silicate 90 
solution, in an amount sufficient to pro- 
vide up to 4% and preferably up to 3|% 
by weight of ''ionic silica'* based on the 
total quantity of water present in tlie 
final mixture. This mixture or feed 95 
stock IS then run through a bed of cation- 
ox(3hange material which operates on a 
hydrogen regeneration cycle until the 
alkali metal silicate begins to break 
througk the bed without appreciable 100 
adsorption of alkali metal ions by the 
exchange material. At this point the pH 
of tke total effluent is generally slightly 
below the neutral point, that is, aboiit 
6^ to 6.8. The total quantity of 106 
effluent issuing from the exchange bed is 
generally collected in a suitable storage 
tank. The effluent is alkalized by adding 
thereto an amount of alkaline compound 
sufficient to provide from 0.05 to 0.2i% by 110 
weight (based on the total effluent) of 
alkali metal, ammonium or quaternary 
ammoniujm ions, preferably sodium ions 
derived from sodium silicate. This can 
be accomplished by the addition to the 115 
effluent of feed stock obtained from the 
exchange bed after the break through 
point IS reached, or the alkaline com- 
pound addition can be made separately 
adter the total quantity of effluent from 120 
the excbange bed has been collected and 
IS still slightly acidic or has a pH 
slightly below the neutral point, 
lorto^n "^^^^^ effluent is heated above 
lua O. fOT a sufficient period of time to 135 
convert the "ionic silica" present therein 
to the colloidal silica form. In general 
temperatures equivalent to gauge steam 
pressures of from 60 to 200 pounds per 
square inch are suitable for carrying out 130 
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tlie heat, treotnieiit of tlie ofthieut 
oltlioug'k biglier or lower tcmperatuivs 
aiiuy be employed depending upon the 
iilkaliuity of the emaeiit and the duration 
S of the heat treatment. At (he above 
described steam pressures and nlkalmo 
iou concentrations a period of lieatmg- ot 
10 to 120 minutes has been found to he 
satisfactory for converting: ionic silua to 

10 Hie colloidal form. Tlie short heating 
period of 10 miiiutes corresponds to teiii- 
peratures equivalent to about 200 pounds 
per square inch gauge steam pressure 
The present invention is practiced by 

1'^ recycling at kast a part of the heat 
treated effluent after it has been cooled 
through a bed of fresh or acid 
reg enerated cation - exchange matei^uil 
togetber witb another proportion ot 

20 aqueous alkali metal silicate solution so 
as to provide up to about 4% by weight 
of ionic silica in tbe manner liereinbetore 
described. Tbe effluent is then collected 
and heat treated as described above and 

26 the process is repeated as often as desired 
When the foregoing process is operated 
so as to prepare a silica aquasol having 
a substantially fixed colloidal silica con- 
cen-tration as, for example, 15%, 18 /o, 

^0 2Q%, 25!% or 30% colloidal silica con- 
centration by weight, a proportion of the 
effluent substantially equal in weiglit to 
the amount of alkali metal silicate 
solution initially added is withdrawn at 
some stage of the recycling process and 
prior to the addition of further quantities 
of ionic silica. The portion withdrawn 
after each pass is collected as a market- 
able product if it has been heat treated 

40 as described or can be heat treated 
separately after it has been alkalized if 
it is withdrawn from the effluent issuing 
from the exchange bed. 

WHien inorganic oxides aquasols othei: 

46 than silica aquasols are prepared by a 
substantially similar process it is 
generally more difficult to prepare 
colloidal solutions containing liigb con- 
centrations of inorganic oxide since sols 
60 surdi as tungstic acid sols and vanadium 
oxide sols have a relatively short stable 
life even at low concentrations. How- 
ever, it is possible to produce such sols 
in moore highly concentrated form in 

65 accordance witb the present invention 
and by th& use of cation-exchange 
materials than bas been possible hereto- 
fore. Such sols may be prepared, for 
example, from sodium tungstate, sodium 

60 vanadate or sodium molybdate. 

Any suitable cation-exchange material 
which operates on a hydrogen 
regenerating cycle and is substantially 
stable to dilute alkaline and acid solu- 

65 tions may be employed in the ]>ractice 



of the present ijivention. Many types td' 
inorganic, organic and synthetic type 
cation-exchange materials are available 
for use in (tarrying out the process 
des<.*rihed herein. ' As examples of tho<e 7J) 
which are particularly suitable are the 
so-called synthetic types such as phenol- 
formaldehyde resins and tanuin- 
fornialdehyde resins or derivatives 
thereof containing sulfonic or carboxylic 75 
groups, or niodilied organic Lyiies such as 
brown coal or peat which have been 
sulfonated with concentrated sulphuric 
acid. Anotber particularly valuable 
cation-exchange material which is 80 
especially suitable for use in the practice 
of the present invention is polymerized 
divinyl beiusene containing nuclear 
sulphonic acid groups. Such cation- 
exchange materials can be employed for 85 
a large number of cycles without sub- 
stantial loss of bed dimensions by simple 
regeneration witli dilute mineral acids 
such as bvdrochloric acid or sulphuric 
acid. * 90 

The regeneration of cation-exchange 
materials which have been exhausted by 
the ad'sorx^tion of cations can be accom- 
plished by well-known i-jrocedures hereto- 
fore described in the prior art. One such 95 
procedure is to first back wash the 
exhausted bed with water so as to remove 
a large portion of the silica aquasol 
adhering to the bed. This is then 
followed by a regeneration treatment 100 
with a dilute mineral acid after which, a 
substantial portion of the acid is wasiied 
out of the bed by back washing the bed 
with water. This procedu:i;e is only* 
illustrative of those employed in 105 
regenerating cation-excbange materials 
and other procedures may be used if 
desired. Tbe regeneration of the 
exchange bed may be carried out at any 
stage of the method herein described for llO 
the preparation of silica aquasols. In 
general, the regeneration. of the excliange 
bed is started as soon as the total effluent 
from the bed has been collected. When 
the regeneration of the bed is carried oui 115 
expeditiously, it is possible to use tlie 
same exchange bed in the recycling 
process since regeneration can be eiVected 
while the silica aquasol effluent from the 
previous run is being heat treated. 120 

A fui-ther understanding of the preseiit 
invention will be obtained from the 
following examples whicb are. intended to 
be illustrative, but not limitative of the 
scope of the invention, i)arts and 125 
percentages being by weight unless oth(»r- 
wisc specified. 

Example I. 
A concentrated silica aquasol was pre- 
pared by first allowing an aqueous .sodium 130 
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silicate solution (3.1 to 1 ratio of SiOo to 
y^iuO) containing: about 3%' ionic SiOl to 
How by gravity through a 12 inck deep 
bed of acid regenerated cation-excLange 

" material contained in a cylindrical glass 
tube kaying an internal diameter of 
approximately 1.876 inckea. Tke rate of 
How was aboxit 300 parts of solution per 
minute. The silicate solution was allowed 

l-O lo flow tlnougli tJui l)(ifl until the total 
cffluciit which was collected in a suitable 
tnuk, r.ontained :ibout 0.033%* sodium 
ion. This eflluent was then concentrated 
by evaporating tke water therefrom at a 

16 temperature of about 100** 0. until tke 
silica concentration was about 20%' and 
was tken heat treated in an autoclave at 
a temperature equivalent to a gauge steam 
pressure of 160 pounds per inck and for a 

20 period of 15 minutes. 

Tkree tkousaud pni:ts of the above 20% 
silica aquasol were admixed witk 450 
parts of an aqueous sodium silicate solu- 
tion (3,1 to 3 ratio of SiO. to NagO) com^ 

2d prising about 19.3% of ionic silica. Tke 
mixture was tken allowed to flow tkroiigk 
u cation-exckange bed 12 inckes in deptk 
contained in a cylindrical glass tube 
kaving an internal diameter of api^roxi- 

30 raately 1,875 inches. Tke rate of flow 
tkrougk tke bed was about 300 parts of 
mixture per minute. Tke effluent was 
*iollected in a suitable tank until tke pH 
of tke mixture was about 6.8 as measured 

35 l>y a Beckman pH meter at a temperature 
of about 28" C. Additional quantities of 
tke effluent from tke exckange bed were 
allowed to flow into tke tarS: until tke 
sodium ion concentration of tke mixture 

40 in tke receiver was about 0.13%. Tke 
collectioTU of effluent was tken keated in 
an autoclave at a temperature equivalent 
to 180 pounds per inck gauge steam 
pressure for a period of approximately 25 

45 minutes. Tke keat treated effluent was 
utilized in tke following manner. 

Tkp keat treated effluent obtained as 
described abov© was divided into two 
pottious as follows: 
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Effluent A - 
Effluent B - 



450 parts 
3000 parts 



aqxiasol was about 6.7, after whick, the 
exckange bed was skut off and no more 65 
effluent was collected. Sufficient quanti- 
ties of tke above described sodium silicate 
solution wei:.e tken added to tke total 
effluent until tke sodium ion concentra- 
tion of tke mixture was about 0.05i%. 70 
Four kundred and fifty parts of tke 
effluent were tken witkdrawn and tke 
remainder was keated in an a.uLoclave at 
a temperature equivalent to 120 pounds 
per inck of gauge steam pressxire for a 75 
period of 60 minutes. Tkis effluent, after 
cooling to about 30° C. was tken ready to 
be recycled tkrougk tke regenerated 
exckange bed after an addition tkereto of 
more ionic silica in tke manner described 80 
above. 

Tke 450 parts of effluent wkick kad 
been witkdrawn prior to keat treatment 
was tken keated in an autoclave at a tem- 
perature equivalent to 200 pounds per 85 
inck of gauge steam i)ressure foor a j^eriod 
of 30 minutes and after cooling was ready 
for commercial use. Tkis aquasol con- 
tained colloidal silica kaving a large 
average particle size and was particularly 90 
effective for increasing tke atrengtk of 
cotton yarns wken applied to cotton 
slivers prior to spinning. 

Tke above procedure can be repeated as 
often as desired and provides a continuoii^ 96 
method of preparing silica aquasols. 

EXAMPIiB II. 

A concentrated silica aquasol was pre- 
pared by first allowing an aqueous sodium 
silicate solution (3.4 to 1 ratio of SiO. to 100 
X^aaQ) containing abaut 3:% ionic silica 
to flow by gravity at tke ^ate of 250 
parts per minute tkrougk a 12-inck 
deep bed of acid regenerated cation- 
exckange material, contained in a 106 
cylindrical glass tube kaving an internal 
diameter of approximately 1.875 inckes. 
ilie silicate solution was allowed to flow 
tkrougk tke bed until tke total effluent 
issuing tkerefrom contained about 0.04% 110 
sodium ion. Tkis effluent was tken con- 
centrated by evaporating water tkere- 
troan at a temperature of about 100° C. 
until tke silica concentration was about 

and was tken keated in an autoclave 115 
at a temperature equivalent to a gauo-e 
steam pressure of 180 pounds per inck for 
10 minutes. 

Tkree tkousand parts of tke above 2Q% 
silica aquasol were admixed witk 450 120 
parts of an aqueous sodium silicate solu- 



Effluent A was cooled and stored for use 
ajj a commercial silica aquasol comprising 
about 23% colloidal silica. Effluent B 
was admixed witk 450 parts of aqueous 

sodium silicate solution (3.1 to 1 ratio of _ ^ „ oixiuattj a 

SiO^ to Ka^O) comprising 19.31% of ionic tion (3.4 to 1 ratio" of sTo^Vn^^ com 
silica and tken passed tkrougk an acid prising 19.3% of ionic silica Tkis mi^ 

regenerated cation-exckange bed in tke *' " " ' 

60 same manner and using tke same 
apparatus and bed deptk as described in 
Example t. Effluent emerging from tke 
bed wacj collected until tke pH of tke 



ture was then allow.ed to flow through the 
acid regenerated exchange bed until the 126 
total efHuent had a pH of about 
AUditional sodium silicate solution was 
then added to the collected effluent until 
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tLe sodium ion (toiiceutratiou thereof was 
about 0.10%. The efHueat was tken 
lieated iii aii autoclave at a temperature 
equivalent to 170 pounds per iucli gauge 
5 steam pressure for a period of 20 minutes 
and was then allowed to cool. 

Tlie above h^at treated elHuent is 
recycled in the manner described in 
Example I, the recycling being- carried 
out almost indefinitely without substan- 
tial gel formation in the exchange bed, 

IRyAArPT^Tl III. 

A concentrated colloidal silica aquiisol 
was prepared in the following manner: 

A dilate aqueous sodium silicate solu- 
tion (3.4 to 1 ratio* of SiOo to Na^O; con- 
taining about 4% ionic silica was allowed 
to flow by gravity at the rate of 275 parts 
I)er minute through a 12-inch deep bed of 

^ acid regenerated cation-exchange material 
contained in a cylindrical glass tube 
having an internal diameter of 1.875 
inches. The effluent was collected in a 
suitable tank until it contained about 

2o 0.0G% sodium ion and then the collection 
of effluent was discontinued. This 
effluent was then heated in an autoclave 
at a temperature equivalent to a gauge 
steam pressure of .150 pounds per square 

30 inch for a period of 10 minutes. The heat 
treated effluent, which contained about 
4% colloidal silica as a result of the heat 
treatment under alkaline conditions, was 
then cooled to about 30° C. 

36 . Two thousand parts of the cooled 
effluent as obtained above, which con- 
tained about 4% colloidal silica, were 
admixed with 400 parts of aqueous 
sodium silicate solution (3.4 to 1 ratio of 

4(1 SiOo to ISTasO) containing about 23% of 
ionic silica and the mixture was allowed 
to flow by gravity at the rate of 300 parts 
a minute through the bed of acid 
regenerated cation-exchange material . 

45 The effluent was collected in a suitable 
tank to pH 6.5 and then further effluent 
allowed to pass until the total effluent 
contained about 0.07% of sodium ion and 
it was then heated in an autoclave at a 

50 temperature equivalent to: a gauge steam 
pressure of 100 pounds per square inch 
for a period of 15 minutes. The effluent 
was then cooled to about 30° 0. 

Two thousand one hundred and fifty- 

55 five parts of such cooled effluent were 
admixed with 425 parts of aqueous sodium 
silicate solution (3.4 to 1 ratio of SiO^ to 
NaoO) containing 19.3% of ionic silica 
and the mixture was allowed to flow by 

60 gravity at the rate of 300 parts per 
minute through the bed of acid 
regenerated cation-exchange material. 
The effluent was collected in .a suitable 
tank to pH 6.5 and then further effluent 

65 allowed to pass until tUe total effluent 



contained about 0.05% sodium ion and 
was then heated in an autoclave al a tem- 
perature equivalent to a gauge steaiu 
pressure of 100 pounds per square inch 
for a period of 12 minutes. The heated 70 
effluent was then cooled to a temperature 
ol: about 30" C. and contained about S,')';.j 
colloidal silica. 

By recycling the alkalized ami heat 
treated effluent after it lias been cooled 75 
together with a quantity of aqueous 
sodium silicate solution (3.4 to 1 ratio uf 
SiOs to NaoO), containing about 19.0% 
ionic silica, sufficient to provide about 
3% ionic silica based on the total water 80 
present in the mixture through llie bed 
of . acid regenerated cation-exchange 
material in the manner described above, 
a 20% colloidal silica aquasol was readily 
obtained- Such colloidal silica aquasol 85 
can be employed in place of the 20% 
colloidal silica aquasol initially employed 
in Examples I and III, or it may be used 
• as a commercial colloidal silica aquasol 
for the treatment of textile fibres ptior to 90 
spinning or for coating papers. 

The same bed of cation-cxclunj^je 
material was employed for eacli re( yi le 
of the effluent as described in this 
example. The bed was regenerated alter 95 
each recycling operation by first back 
washing the bed with large quantities tif 
water, after which, a 4% hydrochloric 
acid solution was allowed to flow by 
gravity through the bed until tiie aeid 100 
issuing therefrom was substantially tree 
from sodium chloride. The bed was 
washed down with water tint i I the effluent 
had a pH of about 5. 

The cation-exchange material employed 105 
in the foregoing examples is a poly- 
merized divinyl benzene containing 
nuclear substituted sulphonic arid groups. 
The particles in the exchange material 
are substantially spherical and have an no 
average diameter varying between 0.5 
tuid 1.5 mm. 

Although an autoclave iy enii)loyo(l in 
carrying out the heat treatment of the 
alkalized silica aquasol effluent in the 115 
foregoing examples other tyi)es nt* 
apparatus capable of withstanding steam 
pressures above 100° C. may be 
employed. Thus heat exehaniiers, 
tubular heating devices and other 120 
apparatus capable of withstanding the 
pressures generated may be used. 

Various modifications may be made iu 
the practice of the present invention as 
will be apparent to those skilled in the 125 
art. Various types of apparatus, tor 
example, may be employed in carrying 
out the method described herein depend- 
ing upon the quantity of silica aquasol 
X)roduced and other factors. Heat 130 
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excliaiigers may be employeil to xitilize 
tJie ketit values more efficiently and lieat 
retention units may be employed to 
^ Ciirry out the heat treatment of the silica 
o iiquasols after the desired temperature 
ms been reached. The area and depth of 
the exchange bed and the numbej: of 
exchange beds employed may also be 
varied considerably depending upon the 
lUumount of silica aquasol produced and 
tlie conditions of operation. 
What we claim is : — 
1. A method of preparing concentrated 
luorgamc oxide aquasols which comprises 
1& passing a mixture of an alkaline reactiiicr 
morgamc oxide aquasol containing alkali 
metal ions and up to 45i% by weight of 
fJie same morgajiic oxide in ionic form or 
in the form of particles having an average 
<>0 particle size below 40 millimicrons^ 
tiirough a bed of cation-exchano-e 
luaterial until the pH of the effluent is 
slightly below the neutral point: alka- 
hzmg said effluent with an alkaline com- 
25 pound capable of yielding alkali metal, 
ammonium or quaternary ammonium 
ions; heating the alkaUzed effluent at a 
temperature above 100" C. until the 
on 'i^organac oxide which was in ionic form 
01 which was made up of average particles 
less t urn 40 millimicrons in size is con- 
verted to a colloidal inorganic oxide and 
tiieu recycling a portion of the effluent 
i^'o^''^ With alkali metal ions and up to 
<io by weight of the same inorganic 
oxide, which is in ionic form or in the 
toriu of particles having an average 
pajticle size below 40 millimicrons, in 
substantially the same manner. 
40 2. zV method according to claim 1 
wlierein said ijioruanic oxide is silica. ' 

tJ. A method according to either of 
claims 1 or 2 which comprises 
regenerating said bed of cation-exchano-e 
45 material after said -effluent is removed 
tberefrom. 

4. A method according to. any of 
claims 1 to 3, m which the amount of the 
alkaline compound added to the effluent 
50 is sufficient to provide at least 0.05:% bv 
weight based on the total .effluent of 
aikah metal, ammonium or quaternarv 
ammonium ions. 
t^^ \»iethod according ta any of 

DD Claims 1 to 4, wherein an amount of the 
alkaline compound is added to the effluent 
sutticient to provide from 0.05 to 0 2% bv 
weight of alkali metal, ammonium S 

60 a"eE;"'"°"'^ ^-^^ 

6. A method according to any of 



claims 1 to 5, wherein said mixture which 
IS passed through the bed of cation- 
exchange material comprises a mixture of 
an alkalino reacting colloidal silica 06 
aquasol and a quantity of aqueous sodium 
silicate solution in an amount sufficient 
to provide up to 3j% by weight of ionic 
silica based on the water present in the 
mixture. 70 

7. A method according to claim 6, 
wherein the mixture of silica aquasol and 
aqueous sodium silicate solution is passed 
through the bed of cation-exchange 
material after the break through point is 76 
reached until the total effluent comprises 
0.05 to 0.2% by weight of sodium ions. 

8. A method of preparing concentrated 
silica aquasols which comprises passing a 
mixture of an alkaline reacting silica 80 
aquasol comprising 10 ta 25;% by weight 
of colloidal silica and a quantity of 
aqueous sodium silicate so.lution sufficient 
to provide up to 3|% by weight of ionic 
silica based on the water present in the 86 
mixture thxough a bed of cation-exchange 
material until the pH of the effluent is 
slightly below the neutral point; adding 
th^eto a quantity of sodium base 
sufficient to provide 0.05 to 0.2,% of 90 
sodium 10ns based on the total effluent; 
heating said effluent at a temperature 
equivalent to a gauge steam pressure of 
00 to 200 pounds per square inch for a 
period of 10 to 120 minutes and then 96 
recychng the total effluent minus a 
portion thereof substantially equal iu 
weight to the quantity of aqueous sodium 
silicate solution employed together with a 
quantity of aqueous sodium silicate solu-IOO 
tion sufficient to provide up to 3% by 
v^reight of ionic silica based on the water 
present in the mixture through a bed of 
acid regenerated cation - exchange 
material in substantially the same 105 
manner. 

9. A method according to claim 8 
wherein an ammonium or quaternarv 
ammonium base is used in the alkalyzing 
8*^P 1^ place of the sodium base. HQ 

10. A process according to any of the 
preceding claims, in which the cation- 
exchange ma.terial is polymerized divinvl- 
benzene containing nuclear sulphonic acid 
groups* 1 1 fi 

11. The metJiod of preparing couceu- 
trated inorganic oxide aquasoJs aubstan- 
tially as herein described with reference 
to any one of the Examples. ^^^^ii^-e 

1~. A concentrated inorganic oxide 1 on 
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MONSANTO CHEMICAL COMPANl 
Stevens, Laiigner, Parry & Eolliiisou, 

i,.t.a ti.. .rth day «i .J«.y. ma. S^^^T^^r^^L:.... 

Loudoji, W.C.2, aud at 
120, East 4l8t Street, New York, 1«, 
New York. U.S.A. 
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